Abstract-In the last few years, healthcare systems around the globe have undergone an increasing pressure to improve healthcare services through effective prevention, for chronicdisease patients as well as the general population. Growth of governments healthcare spending which is fuelled by an aging population and increase of chronic diseases. With advancement in information technology, healthcare organisations are now moving towards mobile healthcare which is an emerging field of technology that uses wireless network communication technologies to monitor patients mental and physical conditions. In this work, we develop an access mechanism of healthcare networks for patients by classifying the personal physiological parameters. We investigate the network performance under the proposed scheme, including access probability of patients and system utilization. The numerical results indicate that the proposed scheme with classifying physiological parameters can effectively increase QoS of networks.
I. Introduction
In recent years, with rapidly increasing demands of healthcare (e.g., baby care, diet monitor, sports assists, life related diseases, kids care, aged people care and monitoring), modern healthcare systems are drawing much attention from the research community and the industry. This has resulted in the rapid expansion of healthcare information systems which enable users to access healthcare services anywhere and anytime [1] - [2] . Mobile healthcare is considered the next generation of healthcare system and it is changing healthcare services. The move towards modern healthcare is influenced by the growth in healthcare spending fuelled by an ageing population, limited financial and human resources as well as an increase of chronic diseases (such as heart failure, hypertension, obesity, mobility or impairment and chronic heart and lung diseases) [3] - [4] . Various statistics reports indicate that 133 million people, or almost half of all Americans live with a chronic condition. This number is projected to increase by more than one percent per year by 2030 [5] - [7] , resulting in an estimated chronically ill population of 171 millions. It is also projected that worldwide elderly population will be 761 million by the year 2025. In addition, growth of urbanization moves people from rural to urban areas, Chronic patients live in these metropolitan areas This work was supported in part by the National Natural Science Foundation of China (NSFC) (GrantNo.61231010, 60972016) and the China-Finnish Cooperation Project (GrantNo.2010DFB10570.) need to be monitored by health professionals regularly and need to be in touched with the care-givers to have an optimal health status.
Wireless Body Area Network (WBAN) have made it possible to deploy small and intelligent sensors on, in, or around the patient body and allow to predict and diagnose any diseases and monitor the response of the human bodys health condition to treatments. The sensors produce the medical data and transfer it to the WBAN hub which operates as the WBANs gateway. The hub collects these medical data from the nodes. The aggregated sensed data need to be transferred to the care givers, or central medical server for further processing and storage. With the recent growth in the use of advanced mobile devices in both developed and developing parts of the world, mobile healthcare is an emerging solution to the problem of services [8] - [10] . Mobile healthcare applications include the use of mobile devices in remote monitoring and collection of patients vital signs and records (e.g., Electrocardiogram [11] ), delivery of healthcare data to practitioners, researchers, and patients, and direct provision of healthcare. These services can be supplied through wireless network connectivity. These types of architectures based on mobile devices and wireless communications presents challenging issues, such as, battery and storage capacity, broadcast constraints, interferences, disconnections, noises, and limited bandwidths [12] .
Many studies have focused on using wireless vital monitoring technology to realize the mobile and smart healthcare [13] . In [14] , the authors introduces low-power wireless sensor nodes for biomedical applications that are capable of operating autonomously or on very small batteries. By bridging the IEEE 802.15.6-based WBAN and the IEEE 802.11e EDCAbased WLAN, the authors investigate the impact of access categories differentiation on the performance under varying number of nodes and frame arrival rates for regular WLAN nodes [15] . In [16] , the authors present a mobile Ad-Hoc networks, called BREMON that allows paramedics to monitor the breathing activities of multiple patients at once using their smartphones. In [17] , an FM-UWB PHY-MAC solution for wearable medical BAN applications is described, which provides for an ultra low power.
Although many practical problems mentioned above have been solved in healthcare networks, difficulties to handle the limitations, such as limited wireless bandwidth and quality of service, still exist. The priority-based strategies have been presented as a solution to solve such limitations, focusing on improving access probability, network connectivity, system utilization, and reliability. In traditional mobile healthcare system, they usually settle the matter of rapidly increasing healthcare data through enlarge the base-station capacity. The priority-based healthcare scheme proposed in our work take the advantages of low cost and high flexibility. In this work, we consider a healthcare networks based on the priority mechanism, where patients' sensitive personal health information were divided into three classes according to their degree of urgency. From the highest priority to the lowest, three classes of PHI (Personal Healthcare Information) are Real-Time data, Non Real-Time data and Electronic Health Records. We take advantage of concept spectrum sharing to transmit these PHI according to their respective priorities attribute. Real-time data have the highest level to reclaim any channel which is occupied by non-real-time data or EHR. EHR can be transmitted when there is idle channel. So patients with higher priority can get a real time and better service.
The rest of this paper is organized as follows. Section II presents an overview of the mobile healthcare network model. Section III introduces the proposed priority-based mechanisms. Section IV and Section V derive performance metrics and numerical results, respectively. Finally, conclusions are made in Sect. VI.
II. Mobile Healthcare Network Model
In this section, we will formalize the system model. In our model, we consider patients are located at their own residence, old folks home or care center. They need long term monitoring with real-time (RT) , non real-time (NRT), and electronic health records (EHR) according to their demands or diseases they take. Therefore, vital signs of patients can be divided into three priority classes (i.e., RT, NRT and EHR), as shown in Table I . The highest priority set is denoted as RT that are real-time calls, refer to the most important data, such as pulse rate, blood pressure and brain wave. They can be accessed and transmitted at any time. For example, in the case of emergency like a acute cerebral infarction, the real time sensing and transmission is required. The second one, named NRT, include height, weight, blood fat and so on. EHR are history electronic health records. They can be transmitted when idle bandwidth is exist, otherwise stored in WBAN hub. In the case of life record applications like a daily dietary structure, a large memory can store the vital data during sleeping time and non-real time communication system can be used.
A mobile healthcare network based infrastructure consists of a central base station, several wireless body area networks and acquisition terminal of PHI. Fig. 1 shows a mobile healthcare network model. From baby to aged people, everyone is supported by a healthcare service that is connecting with healthcare equipments through wireless communications. A wireless body area network, which includes several sensors (e.g., pressure variation, light reflection, acceleration, sound, image/video) to ubiquitously monitor the human bodys health condition, aims to predict any diseases and monitor the response of the body to treatments. The sensors collect the medical data and transfer to the coordinator which operates as the gateway. The coordinator collects the medical data from the nodes. Then, in virtue of short-range wireless communications technology, medical data can be transferred to smart terminals (e.g., smart phone, personal digital assistant, laptop, tablet). The collected medical data must be transferred to a central medical server for further processing and storage. Real-time data have the right to reclaim any channel which is occupied by non-real-time data and EHR. When a channel is occupied by a non-real-time data and EHR, it can be reclaimed randomly by real-time data to use. The dynamic of channel assignment are triggered by the following events, i.e., real-time calls arrival, real-time service completion, non-real-time calls arrival, non-real-time service completion, EHR calls arrival and EHR service completion. The channel allocation method of calls with three different levels is show in Fig. 2 .
As shown in Fig. 2 , an arriving RT call will be blocked (Blocked RT call) if all channels are occupied by other RT calls. Otherwise, it will randomly access a channel that not occupied by RT calls, which may force a NRT call or a EHR call to terminate if it can not get other idle channels. For a NRT or EHR in service, if no channel is available at this time, it will be terminated (T erminated NRT call and T erminated EHR call). An arriving NRT or EHR call will occupy a free channel if one is available. Otherwise, it will be blocked (Blocked NRT call and Blocked EHR call).
III. The Proposed Priority-based Scheme
In this section, we will describe the proposed priority-based scheme with focus on the optimization of QoS for users. Before we formulate this problem, the basic concept of model parameters, the techniques adopted for model analysis and assembling method are described. Table II summarizes the notations used in this paper.
The state space of system model is defined as Ψ = (i, j, k). Here, i, j and k represent the number of ongoing real-time, non-real-time and EHR calls in system, respectively. Moreover, we assume that these arrival processes follow Poisson process with the arrival rate λ 1 , λ 2 and λ 3 , respectively. The , respectively. Let (i, j, k) represent a system state, and the total number of occupied channels in the state Ψ = (i, j, k) should satisfy the following condition:
The evolution of the state (i, j, k) of the Markov process is presented under three cases:
•all channels are busy and a RT call arrival :
•all channels are busy and a NRT or
The system state transition diagram is shown in Fig. 3 . Because the RT calls have the priority to use the spectrum, the NRT and EHR can be preempted by RT. The system moves from state (i, j, k) to (i + 1, j, k) with transition rate λ 1 , and moves to (i, j+1, k) with transition rate λ 2 , and moves to (i, j, k +1) with transition rate λ 3 . In the boundary case of just-full occupancy with i + j + k = m, the transition moves from (i, j, k) to (i + 1, j − 1, k) with transition rate jλ 1 m−i , and moves from (i, j, k) to (i + 1, j, k − 1) with transition rate kλ 1 m−i . The transition rate of a termination depends on the number of channels used by NRT and EHR. The blocking of RT occurs when the current channels occupancy i equals to the total channels. The blocking of NRT occurs when the current channels occupancy (i + j) equals to the total channels. Based on the transition rate diagram, we can develop the set of global balance equations. 
where g i, j denotes transition probability from state i to state j. π (i, j,k) denotes the steady state probability of a state (i, j, k) Then, combining equations them and solving the linear equations, we can get the objective (i.e., π (i, j,k) ).
IV. Performance Metrics
Based on the analyzed in section III, performance metrics can be calculated. The performance measures for prioritybased scheme is expressed using the state probability distribution of its corresponding stochastic process model. We derive performance measures for both medical emergency calls (RT calls) and non-real-time requirements, such as blocking probability of medical emergency calls, forced termination probability of medical emergency calls, blocking probability of non-real-time requirements, forced termination probability of non-real-time requirements and throughput of overall healthcare system.
As mentioned, RT call will be blocked when all channels are occupied by other RT services, while NRT and EHR call will be blocked when no channel is available.Thus, the blocking probability of RT call can be calculated as
where the sums of state space Ψ RT is indicated as Ψ RT {(i, j, k) ∈ Ψ 1 }. Then, the blocking probability of NRT call is given as
where the sums of state space Ψ NRT is indicated as
The forced termination probability is defined as the probability of that an RT service in the system is forced to terminate before it has regularly completed. Specically, for being serviced NRT and EHR, they may be interrupted by a RT call when no channel is idle. During an NRT and EHR lifetime of service, a number of RT request may arrive. For each RT request arrival event, the NRT and EHR service may be interrupted with probability P Interrupted − NRT l . Hence P Interrupted − NRT l may have a number of possibility to be interrupted. The interruption probability of the NRT service can be given by
where τ denotes the service time of the NRT call, and τ RT,i denotes the period from the NRT service starting moment to the next RT request arrival (i = 2, 3, ...). Then, τ RT,i follows the exponential distribution with mean
then, we can get the following equation,
the Laplace Transform is given by
According to the Laplace Transform properties and (10), the value of P(τ > ∑ i τ PU,i ) can be expressed as follows
Let P Interrupted − NRT l denote the interruption probability of NRT service for each RT call arrival mentioned above, so it can be given as follows
Substituting the result above into (7), P Interrupted NRT can be rewritten as
Then, for being serviced EHR requirement, they may be interrupted by a RT call and a NRT call when no channel is idle. So, the interruption probability of EHR service can be obtained as
where the corresponding P Interrupted EHR l is given by The QoS provided for patients can be quantified by multiple performance parameters, i.e., [P Block − NRT , P Block − EHR , P Interrupted − NRT , P Interrupted − EHR ], which are denoted as blocking probability for non-real-time and EHR calls, and forced termination probability for non-real-time and EHR services, respectively.
V. Numerical Results
In the previous section, we describe that with the proposed scheme, such a healthcare system can provide higher QoS (i.e., lower blocking probability and interruption probability) through theoretical analysis. Then, we will present the numerical results of the proposed scheme in this section to verify the efficiency of the scheme. For comparison, we evaluate the performance of the healthcare system under proposed prioritybased scheme using the performance measures derived in the Section IV. The numerical parameters used in the performance evaluation are listed as follows. N = 25, λ 1 = 0.1 (call/s), λ 2 = 0.02 (call/s), λ 3 = 0.02 (call/s), µ (Table III gives the description for the parameter settings). Figure 4 shows blocking probability in terms of α under different schemes. The blocking probability increases with greater α due to heavier traffic load to the primary system and consequently higher total traffic load over the limited bandwidth. In Fig.5 , the forced termination probability becomes larger with greater α. With more RT arrivals (i.e., emergency), NRT service has the higher possibility to be interrupted and hence higher P Interrupted NRT and P Interrupted EHR . The comparison indicates that the proposed scheme can provide lower forced termination probability and blocking probability for both NRT and EHR calls than no priority schemes.
As shown in Fig.6 , the P Block − NRT and P Block − EHR increases with greater β due to heavier traffic load non-real-time calls. Besides, in Fig.7 , the P Interrupted NRT and P Interrupted EHR becomes larger with greater β. With the increase of NRT arrival rate, the proposed scheme can provide lower forced termination probability and blocking probability for both N-RT and EHR than no priority schemes also. Therefore, the proposed scheme can achieve larger achievable traffic load of healthcare networks . Figure 8 shows the comparisons of traffic load in terms of α and β under different schemes. The proposed scheme can support the largest trafc load healthcare system. Figure  9 shows that all of performance curves decrease with service time (i.e., µ 2 for (b)) increases. That is because larger service time will lead to higher probability of failure, resulting in lower QoS. We can find that the proposed scheme can achieve best performance under scenarios (a) and (b). 
VI. Conclusion
The impacts of mobile Healthcare information to patients, doctors and society in general, are many and varied. We propose a novel priority-based scheme for mobile healthcare networks. Our scheme leverages the emergency degree of physiological parameter to enable different patients access healthcare networks with different QoS. Based on numerical results, we show both the system capacity and optimization of our proposed scheme.
The application and use of priority mechanisms is expected to improve probability of access, network connectivity, system utilization, and reliability. To achieve the abovementioned benefits of mobile healthcare, sensitive patient information is collected, processed and transferred using proposed scheme without patients obligation. Our approach is an important supplement to the existing healthcare systems. 
